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PREFACE

We have included four of the original papers suggested to us by
Ivor Dunsford during the early formulation and selection of articles
for the Translation Series. These are Crome's hereditary study of
M and N, another genetic study in the same system by Friedenreich,
and two papers by Dahr on the heredity of P.

In addition, we have also placed the book Constitutional Serology
and Blood Group Research by Ludwig Hirszfeld in Volume III. The
role of "this very group-specific differentiation of the blood" was hav-
ing an impact on the physician, the biologist, anthropologist, and
geneticist, in the 1920's. Hirszfeld saw that the sudden popularity of
blood groups in applied and pure science was, in one sense, desirable
but also held many pitfalls. Therefore, Hirszfeld hoped that this book
would fulfill a two-fold goal-, to present that which is already known
and considered certain, and to point forward to that which may possibly
be achieved in the future.

The Editors

Fort Knox, Kentucky Lt Colonel Frank R. Camp, Jr., MSC

Detroit, Michigan Colonel Frank R. Ellis, MC (USAR)

17 May 1969
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QUESTIONS PERTAINING TO BLOOD GROUPS:
MOTHER M, CHILD N*

W. Crome

In our regular blood group determinations, we had, while **/167
investigating a parenthood question, the opportunity to investigate a very
remarkable case several times. Because of the blood group of mother
and child, with regard to the characteristics M and N, this case seems
important enough to be reported in some detail.

The district physician responsible for the case sent us sterile
blood taken from the unwed mother and the reported father in Behring
venules, andfrom the illegal child in capillaries, all blood having been
taken correctly and labeled properly. Investigations showed that all
persons belonged to the blood group 0, and that, on the basis of aggluti-
nation and absorption tests the reported father belonged to blood group
MN, the mother to blood group M and the child to b..ood group N.

Since, according to Landsteiner's inheritance theory, a pure M
parent cannot be the progenitor of a pure N child, we assumed that the
blood of the mother and of the father had been inadvertently exchanged.
We asked the district physician for another blood sample from the three
persons, with the added request to again make sure that he was dealing
with the correct persons and to take all possible precautions against an
accidental exchange of the blood samples.

The blood testing, which was repeated after severalmonths, yield-
ed the same results. According to agglutination and absorption tests,
the mother belonged to blood group M and her illegal child to blood
group N.

To eliminate all possible sources of error, to exclude possible
mistaken identity or even substitution of the child, and in order to be
able to investigate the blood taken freshly from both mother and child,
the home district of the parents had both mother and child come to /168
our Institute for a blood test. This third blood test again took place

Read at the 22nd Meeting of the German Association for Legal and
Social Medicine in Hanover, September, 1934.

**/Numbers in the margin indicate pagination of the original foreign

text.
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after several months, and this time we could examine the persons our-
selves, have them photographed, etc. Since the mother of the unwed
mother had also come, we had the opportunity to test her blood also.
The grandmother indicated that the unwed mother was her own legal
child. According to the indications of the unwed mother, which were
confirmed by the information in her file, her child had been born at
bonme, thus excluding the possibility of a substituted child.

The unwed mother waE A 19-year old, strong and healthy girl,
with no history of past illness, and her son, at that time 1 1/2 years
old, was at a normal stage of development.

All three persons belonged to blood group 0, and the reactions
were in accordance with Landsteiner's rule.

As in the two previous examinations, which had been conducted
according to all the rules of the art, we found again that the mother of
the child belonged phenotypically to blood group M and the boy to blood
group N. According to the agglutination tests, the grandmother belong-
ed to blood group N.

Although all the results of the tests which were taken at different
times were in complete agreement, I thought it necessary to have fur-
ther controls done by other investigators with specialized experience.
Therefore, while taking blood for our Institute, I took further samples
from mother and child and sent them to Thomsen (Copenhagen), Lauer
(Hamburg) and Mayser (Stuttgart), with a request for investigating the
samples. I would like to thank these gentlemen for reporting their
findings to me.

My own investigations of the M and N characteristics were done
by using the object-carrir-r method, taking the final reading of the ag-
glutination results after a 15 minute waiting period. This method was
supplemented by the centriiuging method, with a reading after a five
minute waiting period and centrifugation for two minutes, at 1500 rev-
olutions.

I used 4 anti-M sera and 7 anti-N sera. These sera were fresh-
ly prepared before the third test, they were especially carefuily clean-
ed and tested as to specificity and titer strength. They were stillfound
pure, am.er the object-carrier and centrifuge method was applied, using
the experimental conditions described above. The anti-N working sera
were tested with special care; they did not react with M test blood cor-
puscles, their specific titer, as compared to pure N test blood was not
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lower than 1:16, measured from the serum dilution before adding /169
an equal quantity of blood corpuscle suspension, and a reading taken
after the centrifuge method.

The qualitative agglutination tests were further supplemented with
quantitative agglutination tests after the centrif-ige method. In the dif-
ferent anti-M working sera, we still found clear agglutination with the
blood corpuscles from the mother, with sera dilutions not below 1:32
to 1:128, whereas the anti-N working sera did not lead to any clumping.
In the blood of the child, the anti-M working sera did not lead to any
clumping, whereas the anti-N working sera clumped this blood, in
dilutions not below 1:16 to 1:32. These investigations agreed quanti-
tatively with control experiments with pure N and M test blood investi-
gations.

The absorption experiments were also done with the various work-
ing sera, absorbing, in the usual way, 0. 3 cc of working serum with
0.1 cc washed red blood corpuscles, twice per 1/2 hour, at roomtem-
perature. Repeated tests always yielded the same results, i. e., the
blood of the mother bound the M-factor completely. With the various
anti-N working sera, the blood of the mother caused a weakening of
the titer by about 1 1/2 to 2 dilution stages, still corresponding to
what, according to various experiences, could be expected during ex-
periments with M blood. Simultaneous absorption-control investiga-
tions with M test blood yielded the same results and control investiga-
tions with MN test blood led to complete binding of the M and N anti-
bodies.

Further, 2 raw anti-N sera, in a dilution of 1:40 with 1/4 vol-
ume. (each) of washed red blood corpuscles of the mother were absorb-
ed twice, each time for 1/2 hour, at room temperature. The poured-
off remainder proved to be free of M test blood corpuscles and it had a
specific titer, as compared to the N blood of the child, of 1:16 to 1:32.
Simultaneous control experiments, using absorption of both raw anti-N
sera with M test blood, yielded the same results.

Further details need not be mentioned at this point, especially
not the investigation of the blood of the child, since according to the
uniform results even of the control investigators, the blood of the
child was, without a doubt, pure N blood.

Lauer reported the results of his investigations, whichi also had
been taken with all possible precautions about 48 hours after the blood
sample had been taken, indicating that according to the results of the
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agglutination and absorption tests, the blood of the mother must belong
to blood group M and the blood group of the child had to be N. He re-
marked that he had found the M-factor of the mother was less able to
bind, as for example a mixed-inherited M-factor; however, this could
have been due to the fact that the blood was not quite fresh. /170

The investigations in the W~trttemberg State Investigative Bureau
were conducted by Dr. Haug, who has been a colleague of Dr. Mayser
for many years. She reported that the samples were tested about 24
hours after they had been taken, using agglutination tests with the ob-
ject-carrier and centrifuge method, each time using several anti-M
and anti-N working sera. Further, absorption experiments had been
undertaken as well with the raw sera, as with previously treated anti-
N sera. According to the results of these investigations the mother
had the characteristic M and the child the characteristic N. Mayser
later reported that, in the object-carrier experiment with an anti-N
working serum, a very slight clumping of the red blood corpuscles of
the mother could be observed, a fact which, considering the complete-
ly negative results of all other tests, was not an indication to doubt the
lack of N characteristics.

Thomsen investigated the blood samples by using agglutination
tests, among others with two different anti-N working sera, about 30
hours after the blood had been taken. He found veryweak agglutination
of the blood corpuscles of the mother, which was only recognizable aft-
er about 20 minutes, even in the case of the anti-N working serum that
showed a somewhat stronger agglutination than the other one. The ab-
sorption experiments showed that the blood corpuscles of the mother
bound the anti-N bodies, very weakly, and lowered the agglutination
titer by about 1 1/2 to 2 dilution stages, whereas the control investiga-
tion with M test blood caused a weakening of the titer by about 1 dilu-
tion stage, and whereas controls with MN blood bound all of the anti-
N. Even the absorption of the M antibodies by the blood of the mother
was somewhat weaker th.n that of the MN control blood.

Professor Thomsen had V. Friedenreich investigate the blood of
the mother four days after it had been drawn, in the meantime keeping
it refrigerated. Several anti-N working sera gave negative agglutina-
tion tests, corresponding with a repeated test by Thomsen on the same
day. With one anti-N working serum he observed slight agglutination.
All the absorption tests done by Friedenreich had negative results.

On the basis of the results of his tests, Thomsen indicated that
the blood of the mother belongs to the MN type, however, with a very
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weakly developed M-receptor, infact, so weakthat it could remain /171
undetected and might not have been detected if one would have known
from the type of the child that the mother had to have an N-receptor.

To this Iwould like to remark that Idid not give Lauer and Mayser
any indications as to the origin of the blood samples, whereas Thomsen
could see from my report that it had to be the blood of a 'mother and her
child.

Summarizing these results, we can see that all investigators
agree that the blood group of the child certainly is N, i. e., it lacks
the M-factor.

Three investigators indicated that the blood of the mother belong-
ed to group M, while Thomsen believes that it must be blood group MN,
however, with very weak and possibly, under certain circumstances
(such as settling), undetectable N-receptor.

Landsteiner, to whom I reported the various investigation re-
sults, agreed with me insofar as the N-characteristics in the mother
had not been established with certainty, however, what seemed im-
portant to him was to prove the absence of N; this proof was not fully
established.

Initially, I believed that I could shed more light on the case with
immunization experiments on rabbits, using the blood of the mother,
thus possibly establishing the presence of the N-characteristic in the
mother indirectly, by proving the presence of a specific N antibody in
the immune serum.

In investigations which have not been published, we succeeded,
through immunization of rabbits with serum of the blood group OM and
ON, to clearly show the formation of anti-M or anti-N bodies in the im-
mune serum. Apparently, a very slight antigenic stimulus suffices to
cause a formation or further concentration of specific antibodies be-
cause the quantitative receptor content of the blood serum is so small.
For instance, in the agglutinin binding experiment the detection of re-
ceptors M and N is impossible, whereas, as mentioned, it is possible
to detect them in the immunization experiment.

Landsteiner has already pointed out in his report (J. exp. med.
47: 770, 1928) that he has occasionally observed the formation of N an-
tibodies during immunization with M blood, however, never the forma-
tion of N antibodies during immunization with N blood. I investigated
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my raw sera with the same thought in mind, and I obtained the same re-
sults. In nearly all raw anti-M sera from different immunization series,
whereby each series is made from the OM blood of one donor, and the
different series are made from the M blood of different donors, traces
of specific N reactions could still be detected after absorption. In sev-
eral cases these specific N reactions showed an average titer strength / 172
of 1:4 to 1:8, as compared to pure N blood.

Landsteiner considers it to be possible that "rabbits could pos-
sibly develop small quantities of antibodies without any specific stimu-
lus (?)". Since, according tothis, during immunization experiments
with the blood of the mother, the formation of specific anti-N bodies is
probably no proof for the phenotypical presence of the characteristic N
in the mother, I have, for these and other reasons, done without these
considerations.

It is obvious, according to the test results on the grandmother,
mother and child, that the disagreement with the inheritance theory of
Landsteiner, as it pertains toblood group characteristics M and N, must
stem from the mother of the child. But even if we assume, as I be-
lieve is the case, that the mother belongs phenotypically to blood group
M and her child to blood group N, the available investigative material,
which pertains to the inheritance of M and N characteristics, would
still corroborate the "correctness" of Landsteiner's theory (only con-
sidering its practical useability)and could not be doubted because of one
unusual case. Without a question, the mother of the child must be of
the genotype that is carrier of the characteristic N, since she must
have inherited this from her pure N mother and must have transferred
it to her child.

If we merely focus our attention on the practical significance of
our case and, if possible, neglect all theoretical considerations, it is
rather insignificant whether we consider the blood of the mother to be
M blood or, as Thomsen, MN blood with a very weak N-receptor, and
it is also unnecessary to consider the deviation of the test results and
their possible causes.

This case seems to teach me that in rare cases, one must con-
sider the possibility of so-called"phenotypical latency". In the mother,
for example, the characeristic N in the phenotype, for unknown rea-
sons, has not asserted itself, a possibility which is not generally
proven for the various blood group characteristics and which may no,
be demonstrable at all, but which is known to exist in the general theo-
ry of genetics and which Thomsen considers possible, for example,
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rr
for the characteristic A2 . To this it must be remarked that the in-
vestigative material is very small which deals with the inheritance of
all blood group characteristics known so far, especially with so-called
critical cases, when we compare it to investigative material dealing / 173
with plants and animals, which makes it possible to experiment and to
crossbreed.

Furthermore, if we follow the test results of Thomsen then we
must expect exceptional cases, this case teaches us where a charac-
teristic (in our case the N-receptor) is developed to such a small ex-
tent that the usual methods do not serve to detect it at all, or only very
uncertainly.

In this context I would like to report a case which was investi-
gated by B. Mueller in Gttingen and which was placed at our disposal.
On the basis of agglutination tests, a very experienced serologist had
found a blood sample to be pure M-blood. Mueller had already found
in repeat blood studies that this blood gave a changing but still clear
reaction, although very weak, with anti-N working sera and he thus
began to doubt the correctness of the M diagnosis.

Our own repeat studies showed that the characteristic N of this
blood could clearly be shown by agglutination and absorption tests.
However, the strength of all reactions, measured quantitatively, was
considerably lower than is usualy found with MN blood, i. e., the N-
receptor of this blood was only very weak. Another repeat study was
intended, but had to be abandoned for external reasons. In the mean-
time, Mueller informed me that the same blood was being studied in
the Thomsen Institute in Copenhagen, with the same results, i. e., ag-
glutination tests with anti-N working sera yielded very weak reactions
which led to a diagnosis of M or possible MN. In the absorption tests
this blood bound all the M antibodies and almost all N antibodies, and
was therefore diagnosed as an MN type. It was assumed as probable
that the direct N agglutination test was very weak, because the aggluti-
nability of the blood was probably weakened through storage.

Further, Mayser informed me about a case which he intended for
repeat studies where the characteristic N was very weak, although de-
tectable.

Landsteiner informed me that he was not at all surprised at the
occurrence of weak N reactions, and that he had reported such cases
in his first writings; he referred me to a table in that report (J. exp.
med. 47: 760, 1928, Table 1).
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If we summarize the results of our observations for legal med-
icine concerning questions of parenthood, independently of all theoret-
ical deliberations, we find the following significant conclusions:

In practice it is rather unimportant in our case whether we con-
sider the factor N to be clearly detected in the blood of the mother or
not.

Without a doubt, our observations teach us that in spite of per-
fect technique, we must consider the possibility that especially in the
blood group MN, the characteristic N which phenotypicaliy is to be ex-
pected, may not be detectable or may be so weak that the investigator
may overlook it. /174

According to available investigative material, we may assume
that these are very rare exceptions.

In cases where, in spite of intensive and exact methods, there
are still some deviations from the normal results and hence doubts as
to positive or negative N reactions, i. e., when it comes to the decision

whether we are dealing with M blood or MIN blood or vice-versa, the
final report should be very cautious as to the decision of definite par-
enthood.

The detection of positive or negative M reactions, i. e., the diag-
nosis of N or MN, does not pose any particular difficulties.

A prerequisite for successful work in investigation of the blood
group characteristics M and N, seems to be the continuous working
with exact methods in suitably equipped laborateries, where the work-
ing sera are manufactured on location, thus making cor~tinuous control
pos s ible.

I do not have any practical experience concerning the useability
of so-called ready-to-use wor:ng sera, which are commercially avail-
able, however, I know from other investigators that there is disagree-
ment about the useability, particularly of anti-N sera. For a person
without much serological experience there certainly is a certain danger
in using these sera, because of misunderstanding and underestimating
the difficulties of the investigative techniques.

Final evaluation of blood groups for legal purposes is not formed
after complete exhaustion of a not-quite uncomplicated method, nor
without continuous control of the sera with a great number of testbloods
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as to specificity and titer strength. Neither is evaluation performed
by the omission of control investigations in all cases where there is
any doubt at all; even the possible omission of absorption tests. Such

errors can only contribute to unjustifiably miscredit this branch of
blood group investigation.

Our case points to the absolute necessity to continue to investi-
gate families, especially mother-child pairs, as to their hereditary
factors. Suitable investigative material can be obtained from clinics
for females and from obstetrical clinics. T was able to examine about
1200 mother-child pairs, without finding one deviati.on from the rule.
It would further be appropriate if all investigators would publish in-
vestigative material, which often is probably kept secret.

The practical value and the significance of blood group charac-
teristics M and N, as they concern legal questions of parenthood, can-
not be significantly diminished by one deviating observation. In perti-
nent cases, even this part of blood group science is, and must be /175
in the future, a very significant indication whose value must be con-
sidered much higher than the many consciously or unconsciously er-
roneous or unreliable statements of witnesses, a phenomenon which is
especially apparent in matters related to questions of parenthood.

The degree to which the investigator believes he is able to decide
with "certainty" or with "very great probability" a question of legal
fatherhood from the blood group characteristics M and N, must rest
with each investigator, depending on his sense of responsibility and his
estimation of biological knowledge.

Without investigating the unfortunate concept of "obviously impos-
sible", it is an impossible task to demand absolute certainty from bio-
logical investigative methods.

The natural limitation of these circumstances will not change in
the future, although it would be possible and it is to be hoped that in a
future form of jurisprudence the legal requirements will be brought
into agreement with scientific knowledge and possibilities.

It seems to me to be the task of legal medicine to furnish prep-
arative work and cooperation.
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A GENETICALLY DEFECTIVE N-RECEPTOR, POSSIBLY
INDICATING A SO-FAR UNKNOWN BLOOD GROUP

CHARACTERISTIC WITHIN THE MN SYSTEM*

V. Friedenreich

In the course of a blood group determination performed to /358
determine a question of fatherhood, we discovered a blood group con-
stellation of mother and child which seemed to be in contradiction with
the genetic rules of the MN system.

The mother appeared to belong to group M and the child to group
N, a combination which should not be possible since an M mother, ac-
cording to the system, should only have M or MN children; being horn-
ozygotic, she must give M to her child.

We obtained new blood samples, and repeated tests on the per-
sons concerned, using selected, strong, fresh sera indicated a very

-weak reaction to the strongest anti-N sera on the part of the mother.
Thus, she really belonged to group MN, although with defective N-re-
ceptor development.

After that, we obtained blood samples from some of the nearest
relatives, i.e., the mother and two of the mother's sisters. We ob-
served identical characteristics in all three. Thus, we were not deal-
ing with an isolated case of defective receptor development, but with
the familiar occurrence of an abnormally weak N-receptor,

The characteristic serologicalfindings made on these individuals
are apparent from the examples listed in the following tables, because
all adult carriers of the characteristic, when compared directly, proved
to be identical.

Table 1 shows the effect of 10 different anti-N serablood corpus-
cles of one of these persons as compared to normal MN and M blood
corpuscles.

The 10sera belongto4 different series obtained throughimmuni-
zation of rabbits with blood corpuscles from four different N individuals.

*Lecture before the 6th Nordic Pathology Congress, Cslo, July, 1955.

*/Numbers in the margin indicate pagination of the original toreign
text.
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The reaction was carried out by mixing serum and a suspension of blood
corpuscles on a slide. The reading was taken after 10 minutes.

TABLE 1. /359

Blood Anti-N Serum Number

Corpuscles 1 2 3 4 5 6 7 8 9 10

D.H. 0 0 0 (+) + + +(+) + 0 +(+)
MN +++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++
M 0 0 0 0 0 0 0 0 0 0

We see that only 5 of the 10 sera give a D. H. reactionwith 
blood

corpuscles, although very weak. All sera, however, yield maximum

agglutination of normal MN blood corpuscles.

Those sera which do react positively are normally the strongest
(measured by titration as compared to normal blood corpuscles).

Table 2 explains the difference in the speed of reaction. After 5
minutes, the reactions of normal MN blood corpuscles reaches a max-
imum, whereas the atypical ones give only very insignificant traces of
reactions. Only after another 5 minutes, we can observe clearly posi-
tive reactions in the strongest sera.

TABLE 2.

Anti-N Serum Number

Blood After 5 minutes After 10 minutes

Corpuscles 5 6 7 8 5 6 7 8

D. H. Trace (+) (+) (+) (+) +(+) W +(+)
MN +++ ++++ ++++ +++. ++++ ++++ ++++ ++++
M 0 0 0 0 0 0 0 0

Table 3 shows titration of the receptor strength.

For practical reasons, the titration was done according to the
glass slide method. The reading was taken after 10 minutes. As is
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known, this method yields rather low titer values (at least 2 degrees
lower than the centrifuge method). At the same time this method yields
very weak reactions, comparatively clear but which are only detectable
in the strongest serum concentrations.

From this we can see that the sensitivity of the atypical N-recep-

tor is about 1/8 of that of the normal N-receptor.

TABLE 3.

Blood Serum Dilution

Corpuscles 1/1 1/2 1/4 1/8 1/16 1/32

D.H. +(+) (+) 0 0 0 0
MN ++ + 0 0
N ++++ ++++ +++ ++ (+) 0
M 0 0 0 0 0 0

The results of the absorption experiments are also very re- /360
markable. Using the usual routine technique (with only qualitative read-
ing of the result), we could never detect agglutinin binding (e. g., not
even during the first test on the mother of the child, where the diagnosis
for M was confirmed through absorption). Only with a very favorable
adjustment of the ratio betweenthe quantity of absorption blood corpus-
cles and the serum strength, and by quantitative reading of the results,
can we see a certain effect (Table 4a). In Table 4b, where the serum
has been diluted somewhat less, we can see nodifference in the absorp-
tion effect between D. H. and M blood corpuscles.

TABLE 4.

a b
1/1 1/2 1/4 1/8 1/16 1/1 11/ 1/4 1/8 1/16

Anti-N Serum, ++(+) +(+) + 0 . 4+4 ++ +(4) (+ ) 0
unabs orbed

Anti-N Serum,
absorbed with ID. H. + (a) 0 . . 4M4 +4 (4) 0

/z vol.of M ++ +(+) (a) 0 , ÷+4 ++ + 0
blood rco- )! 0 . . . . (4) 0 . . •
puscles IMN 0 .+.. ÷ 0

(a)n Trace
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Prof. 0. Thomsen was kind enough to investigate some of these
blood samples. In the first investigation, using the object-carrier
method, he found rather strong, but slow reactions in the anti-N sera
and in attempting titration to determine the receptor sensitivity, using
the test tube method, no reaction was observed. Absorption experi-
ments yielded no detectable agglutinin binding. In the second investi-
gation of the same persons, the slide glass method yielded reactions
from +(+) to (+). No absorption effect.

When we were sufficiently familiar with the serology of the weak
N-receptor, we investigated its occurrence in the family of the mother,
a farmer family, which was found to be healthy in all respects.

The blood samples were tested on the same day they were taken.
The diagnosis "weak N" could be established immediately in all cases
by testing with a positively and negatively reacting serum. All MN
blood corpuscles were tested with all 10 sera, the speed of reaction
was noted and the sensitivity of the N-receptors was measured by
means of titration. As we said before, the quantitative investigations
showed that all individuals had the same weak N characteristic (we will
report on two children at a later time).

The results can be seen from the family tree (see illustration).
(The weak N-receptor is designated N2 , the normal receptor N1 . The
child which was the starting point of our investigation is designated as
X. )

It is to be added that all M-receptors are completelynormal /361
and that the receptors designated N1 do not deviate in any aspect from
control N (or MN) blood corpuscles.

The predisposition for N2 can be veiled by N1 , although it does
r.ot occur in either M or MN 1 ; the N1 tendency does not occur with N,&
(MN2 ). This process of inheritance can only be explained in the fol-
lowing way: the weak N characteristic stems from an independent al-
lelomorphic gene (designated N2 ), joined to M and N1 , which is, how-
ever, dominated by N1 , similar to the relationship of A2 to A1 in the
ABO system.

(Any other hypothesis to explain this inheritance process if it is
at all applicable, becomes complicated and unreal when compared /362
to the simple ar-1 natural supposition of another gene from the allelo-
morphic series.)
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The family tree shows the realization of all the important genetic
combinations in this system. From the parent combination MN1 x MN 2

we must have descendants of e.g., MN, MN 2 , MN1 and N1 N2 . As we
can see, the first three combinations can be found in the children of
(III, 2) and the fourth one in the X child and in (III, 1 5) whose N2 char-
acteristic (covered up by N1) is demonstrated by the MN 2 childrenwith
the M husband.

The MN system thus includes 6 genotypically different and, prob-
ably, 5 phenotypical classes (the last one has never been observed):

Genotype Phenotype

MM M
MN 1  MNI

MN 2  MN 2

NIN 1  I
N1 N2

(N2 N2  N2 [?])

The extension of tne MN system is completely analogous to the
amplification of the ABO system, which was occasioned by the discov-
ery of the A2 group. The peculiarity of the N2 characteristic is its
rarity, and since it is not easily detectable it assumes practical sig-
nificance of quite another kind. However, this circumstance does not
alter the conception of the biological nature of the characteristic; from
a biological standpoint, the N2 characteristic, since it depends on an
independent allelomorphic gene, constitutes a group characteristic,*
irrespective of its rarity.

Further analogies with the A1A2 system should be mentioned
briefly. It is known that the B-receptor in the AIB group is usually
somewhat weaker than in the pure B group, whereas the B-receptor
in A2 B groups is not influenced by the B component. Corresponding-
ly, the M-receptor in MN 2 has almost always been found to be as
strong as in pure M, whereas the MN 1 it is known to be somewhat
weaker.

*Whether N2 is to be designated a group or a sub-group (of N), is, as

in the case of the A distinction, a matter of opinion, depending on
whether the distinction is made according to genetic or to serologic
viewpoints.
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V

As far as the serological basis for the difference between the NI -

and the NZ-receptor is concerned, we are confronted with the same pos-
sibilities as in the AlAZ question; whether the low sensitivity of the N2 -
receptor to anti-N is due to quantitative or qualitative deviation /365
from the NI -receptor, has to remain unanswered for the time being.

The practical significance of the N 2 -receptor is the fact that,
since it can escape detection, it may lead to erroneous blood group de-
termination (diagnosis M instead of MN 2 ).

The fact that it can be overlooked when using sera which, so far,
were considered to be good, is apparent from the above considerations.
The question remains whether we can be sure of detecting it with sera
which meet the highest standards achievable with the present technique.

The answer to this question is doubtlessly a negative one. Even
when the typical N 2 -receptor gives a strong reaction with the strongest
N sera that we know today, the titer will still be extremely low and we
must be prepared for dire conseqiiences, which are caused, inpart, by
the inevitable variations in the strength of the different test portions
prepared from such raw serum, and, in part, from slight variations
in the receptor sensitivity (variations which would be comp]etely in-
consequential if we were working with high titer values).

Individual variations toward the weak side have already been ob-
served. In two of the children of this family, the reactions, even in
the strongest sera, were so weak that if the investigations had not been
conducted in this context, they would have been considered to be insig-
rificant, unspecific, late reactions.

Finally, it would be appropriate to mention the case of Crome*
(mother M, child N) as an instructive example for a futile attempt at
N2 detection. In this case, most of the tests on the mother yielded
the diagnosis M. However, three investigators observed weak N re-
actions (0. Thomsen even found them in two of the N sera used, thus
prompting his diagnosis of MN). The mother must be MN 2 (possibly
with an unusually weak N2 -receptor). Thus Crome's own assumption
that he was dealing with a latent N-receptor in the mother, receives a
simple explanation.

The question, what technique should be used to cope with this
source of error in MN determinations does not belong to our present

*Z. gerichtl. Med. 24: 167, 1935.
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considerations. Because of a remark in Crome's work, I would like
to mention that the absorption method has very little significance in
this context.

For application of the MN system to questions of parenthood, the
knowledge of the N 2 -receptor and the resulting uncertainty as compared
to the diagnosis M(M+ N-) means that certain caution must be ex- /364
ercised when excluding the possibility of fatherhood on the basis of
blood group constellations, where the presence of an undetectable N2
strain in one of the persons concerned would falsify the conclusion.*

How far this reservation is allowed to go depends, of course, on
the frequency of error possibility. When this is found, as mentioned
above, even when selected, strong sera are used, in which case the
N2 receptor generally does not escape detection, it should be consid-
ered to be the same as the frequency of the N? characteristic.

It is in the nature of the phenomenon that the frequency of the N2

characteristic cannot be expressed numerically, as e. g., per thousand
of the population, since it has only been observed as a family charac-
teristic and since it is therefore possible that it might be rather fre-
quent in certain areas, and yet be rather rare in the total population.

It would, however, seem reasonable that it must be very rare.
If the N? characteristic would have a relatively considerable frequen-
cy, we would have found, on the basis of the simple genetic process of
the MN system, other mother-child combinations which contradict the
system, but the literature of 7 years reports only the one case by
Crome.

On the other hand, it could be possible that there have been
more cases of this kind, and that the incorrect diagnosis, prompted
by the unbiological constellation could have been detected and that a
weak N reaction could have been discovered by improved techniques.
It would be desirable to re-investigate all cases where such a

This is, of course, presupposing that one considers the blood group
investigations with regard to the MN system, to serve as sufficient
proof. If onedoes not deviatefrom pronouncements such as: "Legal
fatherhood can be excluded with considerable probability" or similar
ones, it is of course unnecessary to make reservations because of
this rare source of error.
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possibility exists; all observations of remarkably weak receptors* (see
those reported in the article by Crome) would have to be analyzed and
family investigations would have to be conducted.

It is in the nature of the MN system that, when such a reserva-
tion has to be made, one must distinguish between three different "ex-
clusion types" within the system.

I. The type of mother N, child MN and reported father N, is
not touched upon by the source of error in question, since the exclu-
sions rest on the non-detection of the M characteristic.

2. In the case of a type M mother, a child of type MN and /365
a reported father of type M, an undetectable N2 strain can be present
in one of the parents. However, N2 individuals can have, according to
the above genetic hypothesis, N1 descendants only in connectionwith an
N1 partner. The fatherhood in the case of this child (which is a "usual
MN", i. e., MN1) is thus incompatible with the system, even if one
parent should have a N2 characteristic.

3. In the tUe of mother A, a child M, and a reported father
N, or a mother MN' a child N and a father M, i. e., in those combina-
tions where the exclusion rests on the fact that father and child are
homozygotic opposites, the fatherhood is possible if the M partner
has . N2 strain. In this area, the possibility of error could possibly
play an important role.

The frequency of the three exclusion types, if we estimate the
total "theoretical exclusion percent" at 18, is about 2 or 4, or 12%.
If we assume the correctness of our hypothesis, this means in prac-
tice that about one-third of all exclusions according to the MN system,
are not touched uponby the factor of uncertaintywhich is caused by the
existence of the N2 -receptor. Without the above assumption, only one-
ninth is not touched upon.

In statements concerning questions of fatherhood, based on the
MN system, our Institute (almost all our legal blood group investiga-
tions are done in Denmark) relies on a differentiation which corresponds

*When considering the probable frequency of weak N-receptors, one
should take the possibility into account that such cases can go through
the laboratory undetected, evenwhen especially lucky in the manufac-
ture of very strong anti-N sera.
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to different degrees of certainty of the three exclusion types. This can
be done rather easily, using the usual considerations concerning the ap-
plication of blood group investigations in questions of legalparenthood,
and the practice which has evolved from that.

According to the Danish law, it is necessary that biologicalpr'oof
be practically without error to be applicable to such cases. The Dan-
ish courts of law have therefore usedthe help for several years which
the "new" blood group systems MN and A1 -AZ can offer, although it
could be said that they did not have as good foundations (which they
may indeed have today) as the classical blood group system (ABO).

This was, of course, accompanied by extended application of
special supplementary explanations concerned with the degree of cer-
tainty which the different fields of blood group research preferred at
the respective time.

As a consequence of the slow clarification of some of the /366
viewpoints related to these questions, it was considered to be appro-
priate to exactly determine the formulation of the conclusions of blood
group investigations, and, consequently, this Institute introduced a sys-
tem of explanations in the year 1933, which formulates the significance
to be accorded to the blood group investigation of each blood group com-
bination.

The main criterion is that the incompatibility of fatherhood with
a blood group system is used as proof with varying significance, de-
pending on the blood group system in question (although in most all
cases the proof is so strong that we may say the possibility of father-
hood is excluded). In the "exclusion cases" we never use the expres-
sion that a person "cannot be the father", however, we do declare that
the fatherhood of the person concerned is incompatible withthe ABO or
MN, or the A1 A? system, indicating the point in question supplements
the explanation, where we explain the significance of this point in the
opinion of our Institute.

In this supplement, we give a short description of the blood group
systems, emphasizing that in its application we are dealing with a bio-
logical method, which can never guarantee absolute certainty.

The supplement has somewhat different information about the
ABO system.

The larger part of the system is said to havethe greatest possible
certainty: we explain that the possible occurrence of deviations from the
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genetic rule can never be completely excluded and that one such case
has indeed occurred. However, we stress that this possibility must
be considered to be so slight that one may say that "fatherhood incom-
patible with the ABO system can be excluded with as great a certainty
as one may ascribe to a biological method", and we add that "it must
be permissible to neglect this possibility, unless very exceptional rea-
sons, which have nothing to do with the results obtained by the blood
group investigations, are in conflict with the results of the investiga-
tion."

A certain, very slight reservation is made, concerning the lim-
ited area of the ABO system stressed by 0. Thomsen, where exclusion
rests on the non-detection of characteristic A2 in one partner (Hosp.
tid. (Danish) 76: 169, 1933).

Since 1933, the MN system has been considered to be of similar
worth as most areas of the ABO system. For this reason the wording
of the conclusion, possibly containing slight reservations because /367
of the more complicated techniques, has been the same for both sys-
tems.

The AIA 2 system has a much lower degree of certainty and in-
compatibility of fatherhood with this system is therefore not excluded
with "biological certainty"; however, incompatibility would be consid-
ered a strong circumstance in establishing evidence against fatherhood.
If the incompatibility with the system is caused by detection of the char-
acteristic A2 B (in contrast to AiB), we declare, on the basis of the
special uncertainty in this differential diagnosis, that the fatherhood
cannot be regarded quite as improbable as to consider the blood group
investigation results as having decisive significance in such a case.

Since the publication of the experiences reported here, we sug-
gest that attention be directed to this source of error appearing in the
discussion of the MN system in the supplement of our Institute. (Sim-
ilarly as attention was directed to the existence of the Haselhorst case
in the discussions (since 1933) of the ABO system).

Concerning the significance of the incompatibility of fatherhood
with the MN system, the supplement mentioned contains three differ-
ent pronouncements, corresponding to the above discussion.

In the first exclusion type mentioned above, wording is the form-
er, i. e., similar to that for the great field of the ABO system. For
the second type, the wording is the same, with formal reservation at
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most, i. e., the same as with the small field of the ABO system. In
the case of the third type, we consider it mcst correct, until more ex-
perience has been collected, to declare that the possibility of error,
although very slight, is yet "to be considered as not so insignificant
to reknain unconsidered in weighty circumstances which have nothing
to do with blood group investigation, these are to be considered in de-
ciding the correctness of the fatherhood under consideration".

This field is therefore placed in a "security class" below the
ABO system and the remainder of the MN system, although above the
AIA 2 system.

As we can see, this differentiation causes no fundamental reori-
entation, but can be easily adapted into the system of explanation pre-
viously used, which is already familiar to the courts of law.

SUMMARY

1. One case oF a mother-child combination, which, according
to the genetic rules of the MN system should not be possible (mother
M, child N), can be explained after detailed analysis by the fact /368
that the mother actually belongs to the MN group. with defective de-
velopment of the N-receptor.

Z. This weak N-receptor is a characteristic, inherited variant
of the N-receptor. Its serology is described.

3. The family of the mother is investigated. The inheritance
process of the characteristic (designated with NZ) seems, without un-
real hypotheses, to be only explainable by the fact that it must be
caused by an independent, allelomorphic gene. It thus represents an
A2 in the group character analogous to the ABO system.

4. The significance of the N2 characteristic as a source of er-
ror in the blood group determination is discussed.
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GENETIC INVESTIGATIONS OF THE BLOOD FACTOR P
IN FAMILIES AND TWINS*

Peter Dahr

Due to our exact knowledge of the hereditary mechanism */168
of the agglutinable blood corpuscle properties A, B, 0, M and N, the
determination of these properties has already become of considerable
practical importance to the clarification of contested parentage. In
contrast with this, the mechanism whereby Al and A2 are inherited is
as yet less certain so that its practical importance for the clarification
of contested parentage, at least at present, is not as great as the hered-
itary blood properties mentioned above. This applies even less to the
properties A3 and N?, which according to Friedenreich are attributable
to the presence of special genes whose hereditary mechanism has so far
been only slightly studied.

Soon after the discovery of the blood factors M and N by Land-
steiner and co-workers in 1927, extensive investigations on the hered-
itary mechanism of these blood properties were initiated. Therefore,
at present, the hereditarymechanism of these properties seems to have
been ascertained. However, the factor P discovered by Landsteiner at
the same time and which, according to a few studies carried out by
Landsteiner at the time, is also undoubtedly hereditary, was neglected.

According to Landsteiner and Levine the factor P can be detect-
ed:

1) By means of an irregular agglutinin present in human serum,
which they call "extra agglutinin r", whose activity, however, is not
very high. Tests on blood corpuscles with different human sera con-
taining extra agglutinin I carried out simultaneously showed, remark-
ably, that qualitatively irregular reactions ("discrepancies") oc- /169
cur occasionally. It is possible that these different reactions were
caused by differences in agglutination activity between the sera which
normally have low activity, in other words by a quantitative factor; in

*

These studies were supported by the Association of Friends and Pro-
motors of the University of Cologne. Miss Louise Pitts, Technical
Assistant, has given valuable assistance in these investigations.

**/Numbers in the margin indicate pagination of the original foreign

text.
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any case, the existence of qualitative differences between the various
sera or blood corpuscles were not demonstrated by absorption experi-
ments.

2) P can be detected by means of rabbit immune serum obtained
by injection of P-containing human blood corpuscles followed b, puri-
fication of the serum with P-free blood corpuscles. Apart from minor
differences caused by differences in titer strength, the immune sera
obtained by Landsteiner and Levine showed good agreement between
the reactions. The mode of reaction of the immune agglutinins also
agreed very well with that of the extra agglutinin I of human serum.

3) According to Landsteiner and Levine, the detection of P is
possible bymeans of certain animal sera (for example horse, cow, hog)
after absorption of the sera with P-free blood corpuscles. The ani-
mal anti-P also agreed in general in its mode of reactionwith the im-
mune arti-P. However, irregular results were occasionally obtained
during simultaneous application of several animal anti-P sera. For ex-
ample, the blood corpuscles of two 0 hui-ians which had reacted with
extra agglutinin I, when tested with12 differentanti-P horse sera were
agglutinated by only 0 of these sera. If quantitative causes (different
P strengths of the blood corpuscles or different agglutinin titers of the
sera) are excluded, this result means that the P of different human
beings does not have to be qualitatively identical, and that the agglut-
inins of different origin which are active towards the complete P com-
plex may differ qualitatively from one another, perhaps in the compo-
sition of the individual agglutinin components. Landsteiner informed
me recently that he and his co-workers during the investigations car-
ried out at that time had arrived at the conclusion that P is a "group
of related agglutinogens", a conjecture which was supported by the pres-
ence of variants of the properties A and N. Accordingly, he provision-
ally designated the P which can be detected in human sera by means of
extra agglutinin I as "Pn"' the P detectable by immune serum as "Pi"
and the P detectable by means of natural animal sera as "Pa"" .

Future investigations will have to show whether or not the P of
different humans and the anti-P of different animals are different. In
any case, the existence of different variants of P and different agglut-
inin complexes would not make the detection of P less important even
if one knows about this variability.

The property A is not homogeneous either, and the A3 of Fried-
enreich also can be detected only with certain anti-A sera (independent
of .he strength of the agglutinin) and not with others, so that, as I
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recently discussed briefly in the Klin. Woch., No. 35, 1939, we could
regard A3 not only as a quantitativelyweakA variantbut also as a qual-
itatively special A-antigen complex. In this connection, Iwish, /170
furthermore, to refer to the observation of Landsteiner and Wiener
which was confirmed by me in cooperation with Lindau on the basis of
experiments with monkeys, that the anti-M in different immune sera
may have qualitatively different compositions. This is also confirmed
by results reported byFriedenreich and Lauridsen at the 7th Scandinav-
ian Congress of Pathologists in 1938.

The impetus for the investigations reported at the time by these
two investigators was a remarkable observation in a MN child, whose
M could not be detected by means of a certain, otherwise quite active
anti-M immune serum. The concepcion that the M of the child and the
anti-M of the aberrant immune serum deviated qualitatively from other
M properties or from other anti-Mimmune sera could be confirmed by
means of absorption experiments. Initially, the M of the child was re-
garded as "defective". A study of the blood corpuscles of the child by
means of more than 30 different immune sera obtained from other lab-
oratories (ours among them) showed that the majority of the sera react-
ed with the blood corpuscles whereas 5 M sera gave no reaction with
the customary technique. Titration of the positively reacting sera a-
gainst the blood corpuscles of the child in comparison with normal MN
blood corpuscles showed that more than half of the sera reacted more
weakly with the blood corpuscles of the child than with the control blood
corpuscles; about 1/4 reacted equally strong with both types of blood
corpuscles, and the remaining fourth agglutinated the blood corpuscles
of the child more strongly than the control blood corpuscles. On the
basis of these results, the M of the child could no longer be regarded
as a "defective" M; as it obviously possessed M components not pres-
ent in other M-containing blood corpuscles, it could rather be regard-
ed as an "unusual specialized" M. Investigations with a number of fam-
ily members showed that this "unusual" M was apparently hereditary.

Similarly, Dombrowsky observed that the N of an MN human could
not be detected with a certain, otherwise quite active N serum. Here,
too, we may assume that a qualitatively deviating N is present in MN
humans and that an anti-N of a special composition is present in the
serum used.

The importance of the M or N detection is not reduced bv the re-
ported results and the conclusions dra¢,ýn from these results. In the
same way, the possible importance of P detection in the sense of the
utilization of M and N determination is not reduced by the possibility

383



that the P agglutinogen in different humans and the anti-P in different
sera might have different complex compositions.

When, in 1937, 1wanted to start investigations o,. che factor /171
P in Cologne, I wrote to Prof. Landsteiner in New York and asked him
to send me so'ne anti-P serum for preliminary studies. At that time,
Landsteiner informed me that he had not had any anti-P serum avail-
able for quite some time. In Europe, an anti-P could not be obtained
either. Due to a coincidence, in the beginning of 1939, I was able to
find anti-P in natural hog serum.

For the purpose of isolating anti-O agglutinin, I absorbed a cer-
tain hog serum (No. 176) with certain AIB blood corpuscles. The se-
rum thus obtained showed the following effect towards the blood cor-
puscles used for the absorption and a number of different 0 blood cor-
puscles:

HOG SERUM 176, ABSORBED WITH AIB TITRATED AGAINST
B LOOD CORPUSC LES

Titer: 1 2 4 8 16 32 64 128 256

AIBN (Tfi.) . . . . . . . . .
OMN (Sauer) +++ +++ ++ + + . . . .
OMN (Girt.) +++ +++ +++ +++ +++ ++ ++ ++ +
OM (Dell.) +++ +++ ++ + + . . . .

ON (Kiedr.) +++ +++ +++ +++ +++ ++ ++ ++ +

I thought at first that I was dealingwith 0 blood corpuscles which
differed in degree of agglutinability and which could be distinguished by
means of this certain anti-O serum. It was found, however, that in
spite of strong absorption with AIB the hog serum still agglutinated
many A and B blood corpuscles, in part to a titer of up to 256; accord-
ingly, the activity towards the strongly agglutinated 0 blood corpuscles
was apparently no anti-O activity. This was confirmed by the fact that
after absorptionwith the weakly agglutinated 0 blood corpuscles (Sauer)
this serum no longer agglutinated 0 blood corpuscles, whereas it still
agglutinated the 0 blood corpuscles Girt. and Dell. at the same strength.
Thus, the hog serum absorbed with AIBN (Tti) and OMN (Sauer) had to
contain another agglutinin which was active towards an agglutinable
property which was not present in the blood corpuscles used for absorp-
tion, but was present in many other blood corpuscles of all groups. A
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number of preliminay tests with twins and a number of families made
it probable that this was a hereditary blood corpuscle property. My
conjecture that the detected agglutinogen was identical with the factor
P was confirmed by Prof. Landsteinerwhowas kind enough to test /172
a sample of my serum on persons which he knew did or did not possess
P. I then started genetic studies on P which involved 300 pairs of twins
and 112 families with 434 children, the results of which are discussed
in this publication. *

First, I will briefly discuss the sera used and the technique em-
ployed. For the P determination, only animal sera were used. As I
had P-free AB and 0 blood corpuscles available right from the start, I
began immediately with the preparation of new anti-P sera by absorp-
tion of other animal sera. The results obtained hereby will also be pre-
sented here.

According to Landsteiner and Levine, one finds anti-P fairly
often in the serum of rabbits, hogs, cats and cows but particularly
frequently in horse sera.

For the purpose of preparing new animal anti-P agglutinins, I
have so far investigated 198 cow sera, 292 hog sera and 186 sheep sera
which were obtained from the slaughter house in Cologne in quantities
of 30 to 40 in 750 cc wide-mouth flasks. Horse sera could only be ob-
tained rarely and in small quantity so that we decided initially not to
study them.

After inactivation, the sera were diluted 1:4. In order to save
absorption blood, we used only small quantities of sera or of dilutions:
I drop of serum + 3 drops of NaOl solution for the preliminary absorp-
tions; in order to remove the undesired agglutinins we added I drop of
washed, densely centrifuged blood corpuscle sediment AIBN and OMN
to each of these mixtures; both types of blood corpuscles were P-free.
Then, we carried out the absorption at -,5" with occasional shaking;
next, the blood corpuscles were removed by centrifugation and the se-
rum dilutions were tested against the P-free blood corpuscles used for
absorption and against P-containing blood corpuscles. Those sera
which still agglutinated the P-free and also the P-containing blood cor-
puscles were further absorbed with a suitable quantity of P-free blood
corpuscles. The sera which no longer agglutinated the P-free blood

*A short preliminary communication on these investigations has been

published in Klin. Woch. , No. 23, 1939.
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corpuscles but still showed activity towards the P-containing ones,
were selected and tested further. The sera which were completely
inactive towards both types of blood corpuscles (P+, P-) after absorp-
tion were eliminated right away. Byabsorptionof serum dilutions /173
1:4 we eliminated right from the start the poorly active sera with a ti-
ter lower than 4. The number of sera found and their titer values (test-
ed against P-containing A2 MN (Trau.) blood corpuscles) are listed in
the table below.

Type of Titer of the
No. animal crude serum

176 hog 256
r% " 8

21 " 8
34 8

82 8
84 8
92 8

99 " 4
121 8
188 " 8
130 sheep 16

Compared with the hog serum I first found (176), the titers of the
anti-P sera found later are relatively low. Landsteiner informed me
that the titer of serum 176 was higher than that of the animal sera found
by him at the time.

When we initially began to use a new serum it was first compared
over a prolonged period wit!, the serum used previously. Occasional
minor discrepancies in the reaction could always be explained on the ba-
sis of deficient absorption of the undesired agglutinins and could accord-
ingly be eliminated every time. In using my animal sera I have so far
never made any observations which pointed to qualitative differences be-
tween the individualsera. In this connection, the always-similar results
obtained with the identical twins studied by me are of special importance.
Among the 198 cow sera tested not one was found to be useful.

Hog sera were found to be the most productive and, therefore, I
would recommend hog sera as the most suitable for finding animal
anti-P agglutinin even though, according to Landsteiner and Levine,
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anti-P is also frequently found in horse sera. The latter are certain-
ly less easy to obtain.

I have not included (for example, for comparative studies) /174
the "extra agglutinin I" of Landsteiner (the anti-P agglutinin present in
human sera) as I could not find a suitable serum.

My co-worker Huntgeburth is at present engaged in the determi-
nation of the productivity of human sera in regard to extra agglutinin I.
These systematic studies involve a very large number of sera and will
be reported elsewhere. Sofar, hehas not founda useful one among 1000
human sera. This result is not in agreement with the data of Landsteiner
and Levine who report that human sera containing extra agglutinin I are
not rare; however, more detailed numerical information is lacking so
that the results may just appear to be in disagreement. In addition to
these studies I would recommend a search for anti-P in animal sera
especially in those cases where numerous human sera can be studied;
the titer of animal sera is higher than that of human sera.

In my investigations, I have not yet beer, able to use immune anti-
P agglutinin since up to the present I have not been able to produce it.
Immunization experiments with the usual technique have so far been un-
successful with 10 rabbits. By subsequent use of the procedure recom-
mended by Hilgermann, in 1938, which is supposed to be 100% success-
ful for M and N immunization, I have not achieved any positive results.

In producing immv.ne anti-P, Landsteiner and Levine used the
following technique: at intervals of 6 days, the animals received in-
creasing quantities of blood corpuscle sediments, 0. 1 to 0. 4 cc sus-
pended in 1 cc of NaCl solution. After a rest period of 8 days, a sec-
ond similar immunization series is started which after a similar peri-
od is sometimes repeated several times in case intermittent tests for
anti-P formation give negative results.

The P determination was carried out using the microscopic slide
method by mixing of a drop of serum with a drop of a 3 to 5% suspen-
sion of the blood corpuscles to be studied. Readings are taken after 15
minutes at room temperature. The study involved 300 pairs of twins
and 112 families with 434 children.

The addresses of the twins and the written consent of the /175
parents to the investigation of the twins were obtained through the De-
partment of Health of the city of Cologne for which I am indebted to its
director, Prof. Dr. Coerper. Some of the addresses of th. twins were
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obtained on request from the heads of the Cologne high schools. Num-
erous other serological tests were carried out with the twins which will
be reported in another publication. I carried out the similarity diag-
nosis myself after I had become familiar with this procedure during a
stay at the Kaiser Wilhelm Institute for Anthropology, Human Genetics
and Eugenics, in Berlin-Dahlem; I am greatly indebted to the director
of the Institute, Prof. Eugen Fischer.

In making the similarity diagnosis, we determined the blood
groups, subgroups, factors anda series of bodily characteristics such
as color of hair, form of hair, hair insertion in the neck, eyebrows,
fold in the upper eyelid, eyelashes, color of the eyes, structure of the
iris, color of the skin, anatomical details of the nose, the ears and the
oral region and to a certain extent the fingernail cuticles as well. With
many twins of the same sex which looked alike and were the same in re-
gard to groups and factors, the diagnosis "identical" or "fraternal" in-
itially presented difficulties; these pairs were seen again later when
the diagnosis was easier to make because of a little more practice. In
many doubtful cases, the different result of the group, subgroup or fac-
tor determination led to the unequivocal diagnosis of "fraternal".

The P determination was carried out independently of the similar-
ity diagnosis so that involuntary influences can be excluded as sources
of error. According to the similarity diaZnosis, 123 pairs of the 300
pairs of twins were identical, and 177 pairs were fraternal.

The results of the P determination are shown in the following
table:

EZ = 123 pairs, among which P ' P = 103 pairs (concordance)
p : p = 20 pairs (concordance)
P : p = 0 pairs (discordance)

ZZ = 177 pairs, among which P" P 122 pairs (concordance)/176
p : p = 15 pairs (concordance)
P : p = 40 pairs (discordance)

(The presence of P is indicated by P and its absence is indicated
by p; P : P means P present in both twins, p : p means absence of P in
both twins, etc.).

The fact that the presence or absence of P is not discordant in
any identical pair of twins, where.,s there is a discordance with re-
spect to P in 40 of the 177 fraternal twins favors the hereditability of
P in agreement with earlier observations by Landsteiner.
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In their initial studies on P, Landsteiner and Levine had already
found that the strength of the P property is different in different human
beings. In order to clarify the question regarding the hereditability of
the P strength, we titrated the blood corpuscles against dilutions of the
highly active hog serum 176 for a number of twins. These determina-
tions of the agglutinability titer were continued as long as hog serum
176 was available. The anti-P sera found later seemed to me to be
too poorly active for comparative titer tests in order to obtain differ-
ences which could be clearly evaluated. The titrations were carried
out by means of the microscopic slide technique.

Readings were taken after 1 5minutes at room temperature. The
results of the P titer determination in 123 P positive pairs of twins are
shown in the following table:

EZ = 56 pairs, among which P titer was the same = 51
among which P titer was different

1 stage = 5
2 and more stages = 0

ZZ = 67 pairs, among which P titer was the same = 38
among which P titer was different

1 stage = 19
4 and more stages = 10

It is true that single stage titer differences do not prove that the
titers are actually different. Accordingly, a clear difference in P
strength exists only in the fraternal pairs of twins, and the fact that
such a clear difference is not present in identical pairs of twins favors
the hereditability of the P strength. Thus, the situation appears to be
similar to that found with the A property which, as is known, occurs
also in different strengths, whereby the strong A, A1 , and the weak
A, A2 , appear to be based on a special gene. /177

As already mentioned above, the twins studied involved persons
of grade school and high school age up to about 20 years of age. In
order to clarify the question whether the P property can bp detected in
still younger persons and perhaps even inneonati, Ihave begun to study
umbilical blood samples for P in cooperation with Wiesener (Gynecol-
ogy Clinic of the University of Cologne). In 194 blood samples tested
so far, P could be detected 166 times and could not be detected in 8
cases. If the error introduced by the small number of tests is consid-
ered, this ratio corresponds approximately to the numbers found in
adults, which we will discuss below.
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For the question of a special hereditary mechanism of the P
strength, like in the case of Al and AZ, and a possible practical util-
ization of the inheritance of the P strength for resolving cases of con-
tested parentage, the question of a titer change in P strength is decis-
ive. This question, too, is being studied in cooperation with Wiesener.
Hereby, the neonati tested for P are again repeatedly tested later on,
whereby it is determined whether the agglutinability found initially be-
comes stronger or not during aging and, furthermore, whereby we ob-
serve whether initially negative blood samples become positive or re-
main negative with increasing age. The investigations are still in
progress, and the results will be published later elsewhere.

Studies on Families

The first and only family studies involving P were carried out by
Landsteiner and Levine and were published in 1930. It is remarkable
that even in America, where, as a result of the first studies by Land-
steiner and co-workers, the basis had been provided for further stud-
ies, no further genetic studies have been carried out. Landsteiner in-
formed me that it was very difficult for him to obtain material for ge-
netic studies; besides, in his opinion, the interest in human serology
is not very high in America.

At the time, Landsteiner in cooperation with Levine tested /178
59 white families and 44 Negro families, a total of 103 families, with
human anti-P agglutinin (extra agglutinin I). Hereby, they distinguish
between the following reactions strengths: 1) + * to *; 2) "trace"; 3)
lvery small trace" or minus; they concluded from their results that P
is undu.ubtedly hereditary. It was remarkable that the stronger reac-
tions were more frequent in Negroes that in whites, in which the P fre-
quency was also lower. From the observation that parents who both
showed reaction strength 3, produced children with reaction strength
1, Landsteiner and Levine concluded at the time that the agglutinable
property P "is not a single mendelian factor like the iso-agglutinogens
A and B"l, but that P "depends upon multiple genetic factors". How-
ever, I believe that the determination of the agglutinability strength
carried out with the weakly active extra agglutinin I can not be regard-
ed as adequate for the formulation of a strength classification of P; it
is for this reason that I have decided not to carry out titer determina-
tions with my animal anti-P sera which had a titer of at least 8, be-
cause clear differences in P strength could not have been detected any-
way by means of these not very active agglutinins. Landsteiner him-
self considers the agglutinin used at the time for the family studies so
weak that it is certain that a number of P-positive samples were not
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recognized as such, since in later investigations with other persons,
the P property was found in a higher percentage of cases with immune
serum (with higher titer. ) than intests of the families with extra ag-
glutinin I (private communication by letter). Accordingly, the strength
classifications of P and their distribution over parents and children ar-
rived at by Landsteiner and Levine in family studies with the weakly ac-
tive agglutinin can not be used todraw conclusions regarding the hered-
ity of P and especially the heredity of the strength of the P property.

My own family studies involved 112 families with 434 children.
The blood samples were collected in Rousscher solution and after I
"washing" the blood corpuscles were suspended in 3 to 5% physiologi-
cal salt solution and then tested. We used the microscopic slide tech-
nique; readings were taken after 1 5 minutes at room temperature.

I attempted to answer 2 questions: 1) heredity of the P property
as such and 2) the question regarding a possible unusual heredity /179
mechanism of the P properties with different strengths.

The results of the agglutinability determinations in the twins in-
dicate that the strength of the P property appears to be genetically con-
trolled. However, the question remains whether, similar to A1 and
A2, we should assume special genes for the differently-active B prop-
erties and how these possible genes behave with respect to each other
in regard to being dominant or recessive.

In order to answer the first question, simple determination of P
in the other members of the family is sufficient; solution of the second
problem would require agglutinability determinations of the P positive
blood corpuscles. Since I had highly active serum 176 available in
limited quantities only and since I did not want to use the animal anti-
P sera obtained later in view of their low titer for these titrations, the
agglutinability determinations were carried out only with 50 families.

In the families studied, we determined at the same time the blood
groups, subgroups and MN factors. I have designated the presence of
P as "P", and its absence as "p".

As regards the simple P determination we found that P was al-
ways present in children only when it could be detected in at least one
of the parents. Accordingly, in marriages p:p we never found P chil-
dren. In contrast with this, we found, in P:P marriages, P as well as
p children and the same was true for P:p marriages.
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The observation that P can be detected only in children when it
is present in at least one of the parents contradicts to a certain extent
the results obtained by Landsteiner and Levine in family studies, but
this contradictio-i is only apparent. They observed, in cases where
both parents reacted according to the reaction classification 3 (that is,
"very small trace to minus"), children of reaction classification I (+*

to *) which also led them to assume a complicated hereditary mecha-
nism of P. This observation is only seemingly in contradiction with
my results because Landsteiner admits himself that reaction classifi-
cation 3 certainly includes persons possessing P whose P was not /180
detected only because weak serum was used.

My family results are compatible with the assumption that the
presence of P (the question of a special hereditary mechanism of the
differently strong P properties is not touched upon here) is based on
a pair of genes Pp, whereby P is the dominant gene for the presence
and p is the recessive gene for the absence of P.

Accordingly, there exists the following genetic pictures and vis-
ible pictures:

Genetic picture Visible picture

PP P
Pp P
pp P

The results of the family studies tabulated below, include the ge-
netic pictures to be assumed, if this hereditary mechanism is assumed,
from which the phenotype can then be obtained directly. Accordingly,
PP and Pp mean presence and pp means absence of P. P means pres-
ence of P for an unknown heredity picture.

Accordingly, the following different marriages give the following
different children:

Parents: P:P = 73 P:P = 30 p:p = 9

Children: 246(P), 28(p) 77(P);, 39(p) l(P)!; 43(p)

The preceding table shows that the results obtained with all fam-
ilies are compatible with the assumption of the hereditary mechanism
described above, except for the results obtained with family no. 45.
Here, the following result was obtained:

392



Genetic
Factor types picture

Father A2 MN p pp
Mother A2 MN p pp
1. Child, 12 years old 0 MN p pp
2. Child, 7 years old 0 MN p Pp
3. Child, 6 years old A MN p pp
4. Child, 3 years old 0 N p pp

The results of the P determination in child no. 2 is not compat-
ible with the hereditary mechanism assumed for P because the /183
parents who are both p-negative can pass on only recessive p genes.
The result was at first not retested in order not to arouse suspicion in
the family. Later onwe decided not to carry out a retest because I had
found out that the second child was considered illegitimate, which is
admitted by the mother. However, at a later suitable time, we plan to
carry out a genetic-biological study with the family in order to render
the illegitimacy probable, also objectively, or to make it certain. In
any case, the P result obtained with child no. 2 of family no. 45 /184
does not contradict the hereditary mechanism of P which I have pro-
posed, because the child is obviously illegitimate.

On the basis of my family results obtained so far I have consider-
ed it justifiable to render an expert opinion in an alimony case based on
the P test in the persons concerned, stating that the defendant was prob-
ably not the father of the plaintiff (child). The mother of the child, the
plaintiff and the defendant all possess the blood formula OM; according-
ly, the defendant's parentage could not be excluded on the basis of the
group and the MN factor determination. The P study with 3 different
anti-P sera gave the following results: mother p (pp)*, defendant p
(pp), and plaintiff (child) P (Pp). On the basis of the court records it
could be assumed that the mother of the child had had relations with
other men within the legal conception period which, of course, was not
decided by expert opinion.

As regards the different agglutinability of the P.-containing blood
corpuscles of different humans, the conditions with the P property ap-
pear to be similar to those of the A property. If the P properties of
different strengths should be based on the presence of different genes,

"•'Assumed hereditary pictures given in parentheses.
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No, Father Mother Children /161

1. OMNPp ONPp OMNP ONP OMN P ONP

Z. AIN Pp AlMN Pp AIMN pp AIMN P

3. O N Pp AIN Pp AIN pp AIN pp O N P AIN P

4. AIB M P B MN P AIB MN P AIB MN P AIMN P

5. AIN Pp 0 M Pp AlMN pp 0 MN P A 1 MN P AIMN P
o MN P

0. ON P O LN pp ON Pp OMNPp O N Pp O MN Pp

7. B MN P AIB MN pp B MN Pp B N Pp B MN Pp B MN Pp

8. AIB MN P B MN P AIB MN P

9. O N pp O MN Pp O MN pp O MN Pp O MN pp O N pp
O MN pp O MN Pp O MN Pp O N Pp
O N pp

10. AIMN Pp O MN•Pp O M P O MN P O MN P O N pp
AIMN P AIM P O MN pp

11. 0 LN irF 0 MN Pp 0 MN Pp 0 MN Pp 0 Mpp 0 MN Pp
0 Mpp

12. B MN P AIM P AIMN P B MN P B MP B MP

AIMN P

13. OMN P ON? ON? ONP OMNP O MNP

14. O MN pp O MN pp O MN pp O MN pp O MN pp O MN pp
O MN pp

15. EIM t4N pp O N P B MN Pp O N Pp B N Pp B MN Pp
B N Pp O N Pp O N Pp

16. O MN P AMN P O MN P O MN P AIMN P O MN P

17. 0 MN P 0 MN P 0 MN P

lb. AlMNN P A MN P AMN P AIMN P AiMN P

19. O N P AMN P_ A 2_MN P O MN P O MN P
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No. Father Mother - Children

20. AIMNP BMNP B MN P B MN P AIMNP AI BMNP

21. AIMN P AIN P A 1 MN P A 1 MN P

22. O M pp Aj MN P AIM Pp

23. AIMN pp A 2 M P AIM Pp A 1 M Pp

24. AIMN Pp A 1 N pp AIN Pp A 1 N Pp O N pp AIN Pp

25. OMNP OMN? OMP OMNp OMNP

26. O N P AlMN P AIMN P O MN P O MN P

27. OMNP ONP OMN? ON? OMNP OMNP
ONP OMNP ONP

28. 0 4NPp O M pp O MN Pp O MN pp O M!I pp

29.0 MN pp AMN pp A 1l Mpp A 1 MN pp AIMN pp AIN pp

30. ON Fp B MNPp OMNP B Npp B MN P

31. AMN Pp AMN Pp A2 MN P AIMN pp

32. AIMN P AIMN P AZMN P AZMN P AIN P AIN P
A1 MN P AIN P

33. A 1 MN P 0 N P A 1 MN P AIMN P

34. N pp A 1 N P ON Pp O N Pp

35. AIMN pp AIMN Pp AIN Pp AIM Pp AIN pp

36. AIMN pp AMN Pp AIMN pp AIMN Pp AIN Pp AIMN pp

AIN Pp AIMN pp AMN Pp

37. A 1 MN pp B MN P AIB MN Pp AIB MN Pp

38. AlMN P O MN P AIMN P AIMN P AIMN P AIMN P
I AIMN P

39. B N pp AiB N pp B N pp AIB N pp

40. O N P AIMN P AIN P O N P
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No. Father Mother Children

41. O MN pp A MN Pp O MN Pp AIMN pp AIMN pp O MN Pp

42. O MN P AIMN P A 1 MN P AIMN P AMN P O MN P
AIMN P

43. B N P AIMN P AIMN P AIB MN P AIMN P AZMN P/182
AlMoN P

44. AIB MN P AIMN P AIM P AIMN P AIM P AIMN P
AIM P

45. AMN pp AMN pp O MN pp O MNPp() AMNpp ONpp47. O 1 MP OMNP OMNP OMNP AMN

47. Aim P 0 MN P 0 N.N P 0 M P AlMN P

48. O MN P A 1 B MN P B MP B N P B N P AIMN P

AIMN P

49. B Mpp O Mpp B M pp B Mpp O Mpp O Mpp

50. BMP A 1 NP O MN P AIMN P B MN P A MNP

51. O MN pp AlB MN P AIM Pp B MN Pp

52. O MNPp O MNPp O MNP O M!Npp O MP

53. A 1 N P O M P AIMN P A 1 M.N P AIMN P AIMN P
AIMN P

54. AIMN P AIM.NP AIMN P AIM P A 1 M P A 1 M P
54.~ AIM P AIM.N P AIMN P AMP AMP AM

OM P AIMN P AIMN P

55. OMN P O MP OMN P

56. O M P O MN P O MN P O MN P

57. A MN P A MNP AIMN P AIMN P

58. AiMN P O MN P O MN P AIMN P

59. AIMN Pp A, MN pp O MN Pp O MN Pp AIMN Pp O MN pp

60. OMP AlMN P AIM P 0 M P 0 MN P

396



No. Father I Mother Children

61. MN Pp AIM Pp AIM pp AIM Pp AIMN pp

I 62. A 2 MPp ONPp OMNP OMNP OMNP OMNP

O MN P O MN pp O MN P A MNpp
AZMN pp

63. AIN Pp O MN pp AIN Pp AIMN pp AIMN Pp AIMN Fp
AIN Pp O MN Pp

64. A 2 MN Pp A2 MN Pp AdMN P 0 MN P A2 N pp

65. O MN pp O MN Pp O MN pp O MIN pp O MN Pp

66. O MN Pp O MN pp O MN pp O MN pp O MN pp O M pp
O MN Pp

67. BMNP B MNP B IMNP OMNP B MNP B MNP
O MN P B MN P O MN P

68. AIMN Pp AlMN pp A MN pp A MN Pp AIMN Pp

69. O MN Pp AIN Pp AIMN P AIMN pp AIN Pp

70. O MN pp AIMN pp O MN pp O MN pp AIMN pp O MN pp
O MN pp O MN pp

71. O MN P A2B MN P AZMN P B MN P AZMN P A2 MN P
A 2 MN P

72. AIMN Pp AIB MN Pp A 1MN P AB 14N pp AIMN P AB MN P

73. AIMN pp O MN pp AIMN pp O ,vLN pp AlMN pp O MN pp
O MN pp AIMN pp A IMN pp

74. OMNP AIMP OMNP OMP AIMP

75. O MN Pp OMN Pp O MP O MN pp O MN pp O MN pp

76. AIM Pp AIMN Pp O MN P AIMN P AIMN P OM P
O MN pp AIMN P AIMN P

77. AIB M Pp O MN Pp B MN P AIMN pp B MN pp A 1MN P
B MN P

78. AIM Pp AlMN pp AIMN pp AlMN pp AIMN Pp AIMN pp
AIMN Pp
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No. Father Mother Children

79. A 1 MN pp B M pp A1 B MN pp AIMN pp B MN pp B MN pp
AIB MN pp B MN pp B MN pp

80. O MN Pp B M pp B MN Pp B MN pp

81. AIMN P A 2 MN P O N P O MN P O MN P

82. O MN Pp O MN pp O MN pp O MN Pp /183

83. AMNpp O MN pp O Npp AlMN pp AIN pp O MN pp
AIMN pp

84. A1MN P AIMN P A1 N P

85. AIN P AIN P AIN P AIN P AIN P AIN P
AIN P

86. O MN Pp O MN Pp O MN pp O MN pp O MN P

87. OMNpp AINPp AlMNpp AINpp ON Pp ONPp

88. O MN P AIN P AIMN P AlMN P AIN P

89. O Mpp ON P OMNPp OMNPp OMN Pp OMNPp

90. BMNPp OMNPp BMNP BMNP B MNP BMP
B MN pp

91. OMNP BNP B MNP OMNP B MNP BMNP

92. AMN P O MN P O MN P O MN P AIMN P O MN POMNP OMNP

93. O MN P A 1 MN P A MNP AJMN P A MNP

94. O MN P AZMN P O MN P A 2M P

95. B MNP B MNP B MNP OMNP B MP B MP
BMP

96. A 1MN Pp O MN Pp A 2 MN P AIN P AIM pp AzM P
A2 M P A 2N P

97. A2 MN Pp O N pp A2 N pp O MN pp A 2 N pp AIMN Pp
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No. Father Mother Children

98. AIMN P O MN P AIMN P AIMN P

99. AIMN P O N P AIMN P O MN P O N P AIN P
ONP

100. O MN P AIN P AIMN P AIMN P

101. OMP A, MN pp A 1MN Pp O MN Pp AIMN Pp

10Z. AIM.N P O MN P O MN P O MN P O MN P O MN P

103. BMNP ONP BNP ONP

104, AIM.N P AZMN P AzMN P AZMN P

105. O N Pp AM4.N pp AIMN pp A, MN pp

106. O MN P A 1MN P AIMN P AIMN P AiMN P

107. O MN Po O N pp O kvN Pp O N pp O N Pp O N Pp
OM•IN pP O N Pp O N Pp O MN Pp

108. OMNP OMNP OMNP OMNP

109. AIN P AlMN pp AIN Pp AIN Pp

110. OMNP OM P OMNP 0MN'P

111. AIMN P 0 MN P AIMN P AIN P

1 O MN P AIMN P AIN P AlM P AIN P AIN P
A I MN P AIMN P AIN P AIMN P

similar to Al, A2 and A3 , a separation of the various P "subgi oups"
by means of simple agglutinability determination, in my opinion, could
not be carried out anymore unambiguously than determination of the A
subgroups. In my experience, this can, in many cases, not be irrefut-
ably done by simple titration of the blood corpuscles with anti-A serum.
Accordingly, in determining possible P1 "subgroups", the use of certain
qualitative methods of the typewe have available for theA subgroup de-
termination in a serumwouldbe useful. It may be that the differences
could be determined unequivocally by means of absorption methods as
recommended by Friedenreich and Worsaae for the determination of the
A subgroups, which, however, ace too cumbersome from a practical
standpoint. A condition for using methods also by means of which quali-
tative differences between the various Pforms could be detected, would,
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of course, be that there should exist certain qualitative differences be-
tween these forms, even if small.

Therefore, I can not draw any conclusions in regard to a /185
possible subdivision of the P property onthe basis of the titer determi-
nations in the families studied here, the number of which was limited.
This whole question should be studied more intensively than has been
possible so far, by new family studies after successful isolation of an
immune serum or a highly active animal serum. I would like to men-
tion here just one single observation, namely, thatwe never observed
"a btrong P titer (that is, strong P) in children when in the parents only
"a weak P was present. Conversely, in the marriages P strong : P
strong, children with both P strong andP weak were found. In the mar-
riages P negative : P strong, we found both P strong and P weak chil-
dren. Although Ido not definitely commit myself, it could be concluded
from these results that there might be a special gene for P strong
which would be dominant with respect to a possible special gene for P
weak. The titration results obtained with a number of families would
agree very well with this opinion:

Blood
_formula P titer Assumed genetic picture

Family 15:

Father B MN p 0 pp
Mother 0 N P 64 P strong/P weak
1. Child B MN P 8 P weak/p
2. Child 0 N P 64 P strong/p
3. Child B N P 8 P weak/p
4. Child B MN P 8 P weak/p
5. Child B N P 8 P weak/p
6. Child) 0 N P 64 P stong/p
7. Child) = EZ ON P 64 P strong/p

Family 17:

Father 0 MN P 64 P strong/P weak
Mother A1 MN P 4 P weak/P weak
1. Child) 0 MN P 4 P weak/P weak
2. Child) 0EZ MN P P weak/P weak
3. Child AIMN P 64 P strong/P weak
4. Child 0 MN P 4 P weak/P weak
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Blood

formula P titer Assumed genetic picture

Family 21:

Father AIMN P 4 P weak/P weak
Mother A1 MN P 128 P strong/P weak
1. Child AIMN P 128 P strong/P weak
2. Child A1 MN P 4 P weak/P weak
3. Child AIMN P 4 P weak/P weak

Family 29:

Father 0 MN P 64 P strong/P weak

Mother 0 MN P 4 P weak/P weak
1. Child 0 M P 64 P strong/P weak
2. Child 0 MN P 4 P weak/P weak
3. Child 0 MN P 64 P strong/P weak

In addition to the reaction pictures presented here, there /186
were families in which all P carriers possessed a weak P. The titer
boundaries were not delineated as clearly in all families as they were
in tie f-ruilies discussed above. For this reason, and also because
the nurnoer of families studied by means of titration of the blood cor-
puscles is still very small, I can not as yet draw any definite conclu-
sions from the results in regard to a hereditary mechanism of the titer
strength; I can only state that a strong P apparently occurs in children
only when it is present in at least one of the parents.

Finally, I would lik- to present s(- ne results on the P frequency
in Cologne. The number of persons studied so far for P i- 1560.
Among these 1293 were P positive, which is 82. 8%, and 267 '7. 2%)
were P negative.

In an earlier publication in Klin. Woch., No. 23, 1939, I have
compared all of the data on the P determination in Cologne with the
data obtained by Landsteiner and Levine in their family studies in
North America. At that time, these two authors had found the factor P
occurring more frequently in Negroes than in whites. My data deter-
mined for Cologne at the time (obtained with 362 persons: P+ = 80. 9%;
P- = 19. 1%) were the same as those found in Negroes, whereas whites
possessed P less frequently. The Landsteiner cata which I cited at the
time were:
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Whites: P+ = 44. 20; P- = 55. 8%

Negroes: P+ = 71. 1%; P- = 28. 9%

In a letter, Landsteiner pointea out to me that the P-positive
numbers obtained in his family studies did not allow any conclusion on
the actual absolute frequency of P and, therefore, could not be com-
pared with my Cologne data. In the study with the weakly active /187
extra agglutinin I it is certain thata number of P-positive samples were
not picked up. At most, the data given could be regarded as an expres-
sion of the relatively different frequency of P in whites and Negroes.

Actually, the results obtained by Landsteiner and Levine with
more highly active immune sera in 265 whites and 267 Negroes show-
ed different percentages:

Whites: P+ = 81. 9%; P- = 18.1%6

Negroes: P+ = 97. 8%; P- = 2. 2%

Thus, the values found with American whites closely approached those
of the values found by me in Cologne. In contrast with this, the Amer-

ican Negroes are virtually purebred P. Perhaps, all anthropological-
ly purebred Negroes are completely purebred P and the fact that the
occurrence of P in American Negroes is not completely 100% would
then be caused by slight mixing with white blood. In the purebred orig-

inal (aborigines) inhabitants of America it has alsobeen found that they
are purebred 0. In any case, from an anthropological viewpoint, a
study of other different populations and races would be interesting.

My results can be summarized as follows:

In investigations involving 300 pairs of twins (among which were
123 identical and 177 fraternal), all identical pairs showed no discor-
dance in regard to the agglutinable blood property P, whereas in 40 of
177 fraternal twins a discordance was present. In agreement with ear-
lier observations by Landsteiner and co-workers, these results favor
the hereditability of the P property.

In agglutination tests with 123 P-positive pairs of twins (56 iden-
tical, 67 fraternal), the identical pairs showed no discordance in re-
g0-rd to the P strength; however, in 10 of 67 fraternal pairs a discor-
dance in regard to the P strength was present. These results indicate
that not only the P property, as such, but also the strength of the P

property is hereditary.
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In studies on 120 families with 434 children, it was found that P
was always present in children only when it was detectable in at /188
least one of the parents; accordingly, in marriages p:p there were al-
ways only children without P, with the exception of one child which was
found to be illegitimate.

Results of the family studies agree with the assumption that the
hereditability of P is based on a simple mendelian pair of genes, Pp,
whereby P is the dominant gene for the presence, and p the recessive
gene for the absence of P.

A certain special hereditary mechanism of the various strengths
of the P properties could not yet be recognized due to the relatively
small number of families studied in this respect. It seems, however,
that marriages P weak : P weak do not result in children with strong P.

The factor P can also be detected in neonati. It could not yet be
determined whether during the initial period of life a strong P can de-
velopfroma weakP, in other words, whether the strength of P changes.

Natural anti-P does not seem to occur frequently in human sera.

Among a number of different animals in which large numbers of serum
samples are easy to obtain in sufficient quantity (cow, sheep, hog), hogs
showed the greatest productivity of natural anti-P agglutinin.
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RESULTS OF INVESTIGATIONS OF THE BLOOD GROUP
CHARACTERISTIC P, FROM THE

HYGIENIC INS !ITUTE OF COLOGNE*

P. Dahr

The impetus for publication of this report was the work by /346
P. H. Andresen, f, om the institute of Legal Medicine of the University
of Copenhagen and is published in this journal, under the title: "Inves-
tigation of the blood group system P, determined by a strong isoagglut-
inin". In this article, Andresen reports that the detection of an anti-P
agglutinin in hurman serum furnished him with the ability to embellish
knowledge regarding this characteristic. I would like to state in ad-
vance that the communication of the investigative results by Andresen
reports no new insight into the blood characteristics P. On the other
hand, Andresen only hinted at investigations on the factor P, which
have been done by my colleagues at the Hygienic Institute of Cologne
for the last 2-1/2 years, and which did enrich our knowledge of the P-
characteristic, especially concerning its mode of inheritance. Further,
the proposal of Andresen to use P determination in passing judgement
on cases of doubtful fatherhood, can only be based on the investigations
made by the Hygienic Institute of Cologne. I would like to deal with in-
vestigative results made by Andresen and show that they do not /347
":epresent new insight, but rather confirmations of already well-known
facts,

1. It is nothing new that the "irregular" agglutinins occurring in
human serum, among which we find the anti-P agglutinin, mnust be coa-
sidered to be the so-called"cold agglutinins" since their effectiveness
is limited to low temperatures. Because of the not infrequent occur-
rence of such "irregular" agglutinins in human serum, one would have
to anticipate rather frequent incidents during the transfer of blood of
the same group, if these agglutinins would be as effective at higher ten-
peratures (body temperature) as the isoagglutinins anti-A and anti-B.

2. Tn the course of investigating 506 blood samples, Andresen
found 82. 3% to be P-positive and 17.7% P-negative. He calls this find-
ing a confirmation of the distribution ratio of 82% P-positive and 18%

*These investigationswere conducted with means provided by the Socl-
ety of Friends and Promoters of the University of Colognc.i

/Numbers in the margin indicate pagination of the original toreign text.
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P-negative found in the white population by Landsteiner and Levine.
He fails to mention the results of investigations made by myself and
Zehner, which were published in 1941 and which dealt with 3530 in-
vestigations in Cologne, where we found 75% P-positive (- P) and 24%6
P-negative (= p). 4

3. By means of agglutination and absorption, Andresen deter-
mined that the amount of P-characteristic can vary in different indi-
viduals. This finding is not inerely a confirm, ion of the fact original-
ly found by Landsteiner and Levine, but also of my own results, pub-
lished in this journal in 1939 (Vol. 97, p. 168). Andresen distinguishes
between three classes of"P-intensity" which he designates Pl, P2 and
P 3 . In 1939, 1 distinguished two classes of intensity, viz., "P-strong"
and "P-weak", and on the basis of results of several family investiga-
tions, I mentioned thepossibility thatthese different P-characteristics
may exhibit a different mode of inheritance, similar as in the case of
A1 and A2 , inasmuch as the P-strong trait would be dominant over P-
weak. Furthermore, Andresen's division of the P-characteristic into
three classes of intensity does not seem convincing, since in determin-
ing the agglutinability differences, which are said to be characteristic
of the classes PI, P 2 and P 3 , the anti serum agglutinates the P1 blood
corpuscle up to a dilution of 1/64 (+), the P 2 blood corpuscles to a di-
lution of 1:32 (+) and the P 3 blood corpuscles to a dilution of 1:8 (+).
Thus P1 and P 2 are separated by a difference in agglutinability of only
1/2 degree of dilution, which, in my opinion, does not justify a differ-
entiation. However, during absorption, the difference of two degrees
of dilution is detectable, which more easily justified a differentiation.
For establishing different degrees of intensity, there must be clear dif-
ferences, which are detectable not only by means of absorption, but
which are also evident from the agglutinability. Personally, I consider
it possible that the varying strength of the P-characteristic in differ-
ent individuals is due to the fact that there is yet another agglutinable
characteristic (similar to the class MN in the MN system or to the
blood group AB in the ABO system) whose gene is capable of combina-
tion with the gene for the P-characteristic. If we call this hypotheti-
cal agglutinogen X, the P-strong blood samples would be genetically
homozygotic (PP), similar to the relatively strong M with the genetic
configuration MM; the blood samples P-weak, on the other hand, would
genetically be PX, similar to the relatively weak M in the blood class
MN. If we assume such a "counterpart" to the agglutinogen P and its
combination behavior regarding corresponding genetic traits, the ob-
servation made by Landsteiner and Levine, which stated that in mar-
riages where both parents were P-weak, P-strong children could be
found, we would find an easy explanation. In this case, the genetic
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picture PX would appear as P-weak and in the children the genetic pic-

ture PP would appear as P-strong. I have been searching for some
time on the grounds of this working hypothesis by using animal sera to
find an agglutinin which would detect the hypothetical agglutinogen X.

Andresen is of the opinion that, based on genetic investigations
f made to date, one is able to use P determination in certain cases to

determine the possibility of a doubtful fatherhood, butthat it is neces-
sary to study the occurrence of the P-characteristic in the infants. On
the basis of the determination of receptor strength by means of titra-
tion in 42 adults and 35 children downto the age of one year, he arrives
at the conclusion that in infants, the receptor strength is general- /349
ly much lower. In adults, he finds a greater portion of strongly aggluti-
nable P bloods and in children he finds relatively more P bloods which
are less agglutinable than thosewhich are strongly agglutinable. With-
out doubt, in an investigation with so few cases a small error can be
significant, and the results of the investigation cannot be considered
to be iniversally valid. In this context also, he fails to mention the
investigations done by myself and Wiesener and published in 1940, which
dealt with the blood characteristic P in neonates. At that time, we
compared 1 560 unselected adult blood samples with 300 unselected blood
samples from neonates and found the following distribution ratio of P
(= presence of P) and p (= lack of P):

F Adults Neonates

P = 82.8% P = 84.37o
p = 17.2% p = 15.7%

According to this result, we considered it improbable that an in-
herited P-characteristic would not be detectable in neonates. The sec-
ond question we asked at that time was whether the characteristic P,
found in neonates, changes in strength within the early period of life,
and, if this is the case, when the final P-strength is reached. To an-
swer this question, we used comparative determinations of the aggluti-
nability titer after 1, 2, 3, or more months, using the same anti-P se-
rum and the same technique. In 14 of the children examined we found
no change in the P-strength, but we thought the number of investiga-
tions to be too small to draw an accurate conclusion. Because of the
war, these investigations could not be continued.

After these remarks pertaining to the conclusions drawn in And-
reseni s report, I would like to summarize the results of the P investi-
gations conducted at the Hygienic Institute of Cologne, inasmuch as
they have not already been mentioned.
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FREQUENCY OF P AND p /350

As indicated above, I have designated the occurrence of the char-

acteristic P with "P" and the lack of it with "p". Until December 10,
1941, we investigated 6478 blood samples for the presence of P; of

these we found Pin 4769 (74%) and p in 1709 (26%). The distributio,
of P and p on the ABO blood groups, the subgroups A1 and A2 (except
for AB), as well as on the blood characteristics M and N, is obvious
from the following chart:

AlP .... 1859 = 76%, Alp..... 693 = 24%
A2 P .... 399 = 76%, A2 p..... 128 = 24%
B P.... 411 = 70%, B p.....176 = 30%
0 P .... 1919 = 74%, 0 p ..... 6 53 = 2 6 %
APP... 181 = 75%, AB p6.... 59 = 25%

M P .... 1273 = 73%, Mp ..... 451 = 27%
N P.... 1068 = 74%, N p .... 375 = 26%
MN P .. 2428 = 76%, MN p ... 883 = Z4%

The distribution ratio seems to indicate that the inheritance of
P is independent of tfhe inheritance of the blood group and the MN char-
acteristics.

GENETICS OF THE BLOOD CHARACTERISTIC P

Landsteiner and Levine already assumed that P was hereditary,
in spite of the fact that the family investigations conducted at that time
didnot clearly reveal a definite mode of heredity. After futile attempts
to obtain an anti-P serum from Landsteiner or elsewhere, in 1938, I
found a very strongly effective anti-P ag lutinin in pig serum. Land-
steiner confirmed it to be anti-P, and I began my investigations in Co-
logne. These investigations have yet to be concluded. The opinion of
Landsteiner and Levine concerning the heredity of the blood character-
istic P was confirmed by means of investigation of 322 pairs of twins.
134 EZ pairs showed concordant bhavior, whereas 188 ZZ pairs show-
ed part concordance and part discordance: /351

EZ = 134 pairs, of whom P:P = 123
p:p = 21

P:p = 0

ZZ = 188 pairs, of whom P:P = 126
p:p = 19
P:p = 43
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It was soon clear from the family investigations that we could as-
sume simple dominant heredity for the inheritance of P, with the gene
"P" for the presence and "p" for the lack of the characteristic; P is

dominant over p. The possible genetic pictures correspond to the ob-
servable picture as follows:

Genetic picture Observable picture

PP P = presence

Pp P = presence
pp p = lack

The investigations conducted by my colleagues Brinkmann, Han-
sen, Nussbaum, Offe, Wahlen, Weber and myself, which dealt with
563 families with a total of 2070 children, seem to confirm the assumed
mode of heredity. Thus, from the different marriages, the following
descendants are possible, or impossible, respectively:

Marriage Possible children Impossible children

P:P P, p
P:p P, P
P:p p P

In the families investigated so far, the findings with the children
were as follows:

Parents Children

P. p
P: P = 319 980 131
P:p = 194 505 277
p:p = 50 4 173

Thus, only 4 children contradict the correctness of the assumed
mode of inheritance. In the case of 3 of these children, illegality was
admitted and in the fourth case it is-considered to be probable. Thus,
the deviations found only represent apparent deviations from the as-
sumed mode of heredity. /35Z.

In the meantime, my colleague Berger is conducting further fam-
ily investigations, the results of which will be published shortly.

Following publication of the heredity examinations on the blood
factor P in the Hygienic Institute of Cologne, according to which the
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mode of heredity of P, described above, is considered likely to be cor-
rect, the Hygienic Institute has been asked again and again, by courts
of law confronted with cases of doubtful fatherhood, whether it would
be possible to exclude the possibility of fatherhood on the basis of the
P test. Personally, I hold the viewpoint that fatherhood must be con-
sidered to be highly unlikely, if, on the basis of the P test, exclusion
is possible. However, exclusion is only indicated in cases where moth-
er and defendant both have the factor p, and the child has the factor P.

Finally, a few remarks concerning:

THE DETERMINATION OF THE P-CHARACTERISTIC

The blood characteristic P can be detected with three different
kinds of serum, viz., 1. Human serum, which, of course, must con-
tain an anti-P agglutinin. The effectiveness of these sera is usually
rather low, however, the serum foundbyAndresen seems to be strong-
er and hence useable.* 2. P detection is possible with some animals
sera (especially from horses and pigs) which contain natural anti-P.
The preparation of these sera was thoroughly described in my report:
"Techniques of blood group and blood factor determination" Leipzig, G.
Thieme, 1940. 3. P detection is possible by means of immune sera,
which can be obtained by injecting P-containing human blood cor- /353
puscles into animals. My attempts to obtain such immune sera from
rabbits, have, so far, always had negative results. Recently, I have
begun similar experiments with guinea pigs, which may lead to suc-
cess. Since the beginning of my investigations, I have exclusively used
normal animal anti-P sera, obtained from horses or pigs, which con-
tained a sufficiently strong anti-P agglutinin. I worked exclusivelywith
the specimen holder method, according to which the mixture of a drip
of anti-P serum and a 5% blood corpuscle suspension is stirred brief-
ly with a small glass rod and then spread somewhat. After that, the
slide or the glass plate is not moved for about two minutes, then one
moves it with a swaying motion in order to accelerate and strengthen

the reaction. The final reading is taken after 15 minutes. I prefer
the specimen holder technique, and especially recommend the stirring
and spreading of the mixture because, due tothe low affinity of the ani-
mal anti-P agglutinins for human P agglutinogens, the reaction is ac-
celerated by the spreading. Even weak P-characteristics are more
easily detectable by using this method than with any other method with

In the meantime, Prof. Werner Fischer (Berlin) has sent me a hu-

man serum which contains a very useable anti-P agglutinin.

409



which I am familiar. Several anti-P sera were always used for the
P determination. obtained suitable sera either from Prof. Dr. H.
Schmidt (Marburg): or from Asst. Dr. Geiger (Eystrup) from the
horse an pig farmb in Marburg and Eystrup kept by the Behring fac-

tory, or i- om the pigs of the NSV pig breeding farms of Cologne. I
brought one pig from the NSVwith an especially useable anti-P agglut-
inin, using it in the Institute for serum donations as they were needed.
During the numerous determinations with several anti-P sera from ani-
mals, I never achieved results that deviated qualitatively, and if str ong
enough sera were used, an accurate diagnosis of"P"= P-positive and
"p" z P-negative was always possible. I have never observed transit-
ional forms, i. e., between P and p such as Landsteiner and Levine
found earlier, and in the presence of which a clear delineation of P /354
and p would undoubtedly be more difficult. In an earlier publication I
remarked that these transitionalforms of barely detectable P describ-
ed by Landsteiner and Levine are apparently due to the use of human
anti-P sera with weak anti-P agglutinins. Whether and how far quali-
tatively different P results can be reached in the investigation of a blood
sample with anti-P agglutinins of different origin, I will only be able
to test when I have si-cceeded in obtaining an immune sera whose ag-
glutination results can be compared with those reached with standard
animal sera, which are the only ones that I have used so far.

It would be very desirable if investigations into the heredity of
P would be conducted elsewhere. I am willing to furnish ready-to- _
anti-P serum to any iaterested colleague for the purpose of initial (,r 1*-
enting investigations, especially for the detection of A, B and 0 blon,:
without P, which are necessary for one purification of anti-P raw ser

SUMMARY

A brief survey of the investigationb into the hereditary blood fac-
tor P, conducted since 1939 in the Hygienic Institute of Cologne.

The number of blood samples tested for P, up to December 10,
1941, is 6478. Of these, 4769 (74%) had the characteristic P, where-
as 1709 blood samples (Z676) lacked the P-factor.

The presence of the P-factor is .Iesignated with "P" and the lack
of it with "p".

The heredity of P was studies in 3ZZ pairs of twins, and the mode
of inheritance was studies in 563 families with a total of Z070 children.
The r, sults of the studies on twins confirm the heredity of P;, the family
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studies reveal a simple, dominant mode of inheritance of P. In four
children we observed resu'.s contradicting the accuracy of the as- /355
sumed mode of inheritance. In three of these cases, illegitimacy was
admitted and in the other cases illegitimacy is highly probable.

On the basis of the results of the heredity studies, it is deemed
justifiable to declare fatherhood highly unlikely if it can be excluded on
the basis of the P determinations.
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Gorrection. In the meantime, other twin pairs could be inves-
tigated; the configuration is now the following: total studies number
383 pairs.

EZ = 157 pairs, of whom P:P = 141
p:p = 26
P:p = 0

ZZ = 226 pairs, of whom P:P = 149
p:p = 23
P:p = 54
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